The purpose of this study was to determine objectively the outcome of total knee replacement in patients with ankylosed knees.
The purpose of this study was to determine objectively the outcome of total knee replacement in patients with ankylosed knees.
There were 82 patients (99 knees) with ankylosed knees who underwent total knee replacement with a condylar constrained or a posterior stabilised prosthesis. Their mean age was 41.9 years (23 to 60) and the mean follow-up was for 8.9 years (6.6 to 14). Pre-and post-operative data included the Hospital for Special Surgery (HSS), the Knee Society (KS) and the Western Ontario and McMaster University Osteoarthritis index (WOMAC) scores.
The mean HSS, KS and WOMAC scores improved from 60, 53, and 79 pre-operatively to 81, 85, and 37 at follow-up. These improvements were statistically significant (p = 0.018, 0.001 and 0.014 respectively). The mean physical, social and emotional WOMAC scores also improved significantly (p = 0.032, p = 0.023 and p < 0.001 respectively). The mean satisfaction score was 8.5 (SD 1.5).
Total knee replacement gives good mid-term results in patients with ankylosed knees.
The range of movement obtained after total knee replacement (TKR) is related to the preoperative range of movement. [1] [2] [3] Although limited movement may thus be obtained following TKR in patients with anklylosed knees, these patients may benefit greatly from this procedure. Most previous studies have been performed in cohorts which are too small to assess benefit. [4] [5] [6] [7] We have previously reported good results in a cohort of 24 patients (27 knees) with a mean follow-up of 4.6 years. 8 The purpose of this study was to describe the results in a larger cohort with longer follow-up to investigate whether the outcome is maintained.
Patients and Methods
A total of 1770 primary TKRs in 1033 patients was undertaken between January 1995 and January 2002 by the senior author (Y-HK) and 87 patients (104 knees) with bony ankylosis were identified. Five patients (five knees) were lost to follow-up leaving 82 patients (99 knees) in the study. There were 47 men and 35 women with a mean age of 41.9 years (23 to 60). The mean follow-up was 8.9 years (6.6 to 14) ( Table I) .
The mean duration of ankylosis was 18.6 years (5 to 36). The aetiology of the ankylosis was pyogenic or tuberculous in 82 cases (83%) and the mean time interval between infection and TKR in these patients was 20.4 years (7 to 39). Arthrotomy and debridement had been previously undertaken in 39 knees (39%). The mean position of the ankylosis was 9.8° flexion (-10° to 30°) in 72 knees and 105° (75° to 135°) in 27 knees. Pre-operatively there was a mean valgus deformity of 6.8° (5° to 10°) in 62 knees (63%) and 37 knees (37%) were in neutral position.
No patient had pain pre-operatively and 75 patients (91%) were able to maintain reasonable function but had awkwardness of sitting, limping and the psychological burden of their disability. The remaining seven patients (9%) were bedridden. Data were collected prospectively and the patients were reviewed by an orthopaedic surgeon not involved with the surgery. Post-operative clinical and radiological assessment was undertaken at six weeks, three, six and 12 months and annually thereafter. Preand post-operative data included the Hospital for Special Surgery (HSS), 9 the Knee Society (KS) 10 scores and the Western Ontario and McMaster University Osteoarthritis (WOMAC) 11 index. At eight weeks pre-operatively, aspiration of each knee which had a previous pyogenic or tuberculous infection was attempted. If fluid was not aspirated, saline washings were taken for culture. Cultures of all of the aspirated fluid, washings, and excised specimens were grown for aerobic, anaerobic, and tubercle bacilli; none was positive for pyogenic or tubercle bacilli. Histopathological preparations of the resected tissues and smears were negative. No patient had a positive preoperative aspiration and all laboratory findings were within normal limits before the operation. Operative technique. Epidural normotensive anaesthesia was used for all procedures. A medial parapatellar incision from a previous incision was used in 39 knees and a midline anterior longitudinal incision was used in 60. A V-Y quadricepsplasty was performed in 72 knees (73%) to avoid patellar tendon avulsion and to lengthen the contracted quadriceps muscle if it was indicated. The quadriceps muscle was markedly atrophied in 71 knees and reasonable muscle mass was maintained in 28 knees. Osteotomy of the tibial tubercle was not required. The osseous ankylosis was taken down with attention to preservation of bone stock and careful preservation of the medial and lateral soft-tissue sleeves. In 68 knees (69%) the patella was osteotomised from the femoral condyle. Intramedullary instrumentation was used for the femur and extramedullary instrumentation for the tibia. Soft-tissue balancing was performed. The stability of the knee was assessed by application of varus-valgus and anteroposterior stress with the knee in full extension and 30°o f flexion after the trial components had been inserted. The quadriceps tendon was lengthened by approximately 1.5 cm in 72 knees if the knee could not be flexed to 60°.
Nexgen Legacy condylar constrained knee components (Zimmer, Warsaw, Indiana) were implanted in 51 knees and NexGen Legacy posterior-stabilised components (Zimmer) in 48. After trial, NexGen Legacy posterior-stabilised components were inserted, the stability of the knee was tested and if it was stable in the coronal plane but unstable in the sagittal plane, these components were used. If the knee was unstable in both planes, the Legacy condylar constrained knee components were used. In the 27 knees with ankylosis in more than 75° flexion, constrained condylar knee components were used. All components were implanted with cement. The capsule was closed and the V-Y quadricepsplasty, when used, was repaired while the knee was maintained in 30° of flexion. The joint line was not intentionally elevated in order to facilitate flexion. There was no collateral ligament or extensor mechanism avulsion during surgery in any case. Femoral and/or tibial augments were required in 51 knees to supplant the area of bone loss and maintain the joint line established by the components.
In the 27 knees (27%) with ankylosis of more than 75°f lexion, there was a tendency for the knee to rest in more than 45° of flexion at the end of the operation. This was managed by skeletal traction through a threaded Steinmann pin (Zimmer) in the distal tibia rather than by further softtissue release or bone resection. On the day of operation, traction of 2.27 kg was applied and increased in a graduated fashion up to 9 kg. We carefully monitored movement of the toes and ankles during skeletal traction (mean 17 days (10 to 42)) in these patients to avoid peroneal nerve injury. At the time of discharge all patients had a plaster cylinder. This was bivalved the next day, lined and used as a resting night splint for three months post-operatively. Statistical analysis. The changes in knee scores and WOMAC scores were evaluated using two-tailed Student's t-tests. Chi-squared tests were used to analyse radiological data and rates of complication. All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS), version 14.0 (SPSS Inc., Chicago, Illinois) with a significance level of p < 0.05. The chance corrected kappa coefficient was calculated to determine intraobserver agreement of radiological measurements with values inter- 
Results
There was significant improvement in the HSS, KS and WOMAC scores (Table II) .
The mean range of flexion improved significantly to 79°( 55° to 115°, p = 0.001) at final follow-up. The mean extension lag in the 72 knees (73%) which required V-Y quadricepsplasty and lengthening of quadriceps tendon was 15°( 10° to 23°). Restoration of quadriceps muscle power required a mean of 16.2 months (6 to 24) (excluding three patients who suffered a post-operative ruptured quadriceps tendon) 24 months after the operation. Knee alignment ranged from 0° to 7° of valgus at final follow-up. No knee had > 5 mm of instability on manual stress testing in either the mediolateral or the anteroposterior plane. In the 27 knees (27%) with ankylosis of more than 75°f lexion, passive flexion of at least 110° was achieved at operation but there was a mean residual flexion contracture of 57.5° (45° to 80°). The mean length of hospital stay was 21 days (14 to 52) and the mean length of skeletal traction was 17 days (10 to 42). At the time of discharge from hospital, the flexion contracture was completely eliminated in 18 knees, there was a persistent contracture of ≤ 10° in seven and a contracture of 25° in two. All were able to walk with sticks. The mean range of flexion was 101° (82° to 115°). The mean pre-operative HSS score was 60 points; this increased to 82 points (73 to 90) at the final follow-up. Of the 17 patients who had been unable to walk pre-operatively, ten could manage one block without walking aids and seven by using crutches.
There was no visible radiolucency at the bone-cement interface in 81 knees (82%) (Fig. 1) . A total of 17 knees (17%), however, had an incomplete radiolucent line < 1 mm in width at the tibial interface. One knee had a complete radiolucent line > 2 mm around the tibial component and it was loose.
The complication rate was high (Table III) . A total of 17 knees (17%) had skin necrosis at the edge of the incision, which healed after debridement in all but five which required a skin graft. A wound infection developed in three knees (3%); Staphylococcus epidermidis was identified. All underwent a two-stage revision without subsequent recurrence. Peri-prosthetic fracture occurred after a fall in one knee (1%) at two years after the operation. The fracture united following open reduction and internal fixation. There was aseptic loosening of the tibial component and quadriceps tendon rupture in one knee ten years after the operation. This patient underwent revision and tendon repair and two years later had 60° flexion and an extension lag of 15°. Two further patients had a rupture of the quadriceps tendon at one and two years respectively, after the operation. They were advised to have the ruptured tendon repaired but refused. Five patients (6%) had mild pain after prolonged walking and had complications including infection, peri-prosthetic fracture and aseptic loosening.
Despite the high complication rate all but four patients (5%) were pleased with the results of the TKR and said that they would have it again under similar circumstances. The remaining four patients indicated that they would not have TKR under similar circumstances because of compli- Anteroposterior and lateral radiographs showing a) osseous ankylosis of both knees in 90° flexion pre-operatively and b) the NexGen Legacy condylar constrained knee components with femoral and a tibial extension in good alignment without radiolucent lines at the bone-cement interface in both knees nine years post-operatively. The patient was a 69-year-old woman with polyarticular adult onset of rheumatoid arthritis. She had been bedridden for 40 years. She underwent bilateral simultaneous total hip replacements followed by bilateral simultaneous total knee replacements. She has subsequently been mobilising with two crutches. cations. The mean patient satisfaction score after the operation was 8.5 (SD 1.5) assessed by a 10-point visual analogue scale.
Discussion
This study was undertaken to determine whether TKR is beneficial for patients with ankylosed knees using objective measurements including HSS and KS scores and the WOMAC index. There are conflicting results of the outcome of TKR in patients with ankylosed or arthrodesed knees. 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] One study reported an improved quality of life reflected by an increased walking distance and function. 4 Others have reported correction of deformity with a significant gain in movement and marked improvement in quality of life.
12,13,15-17 Naranja et al, 5 however, reported a satisfactory outcome in only 10 of 35 patients (29%). However, none of these previous studies used objective outcome scores. Most patients (95%) in the current study were pleased with the results and said that they would have the operation again under similar circumstances.
We performed a V-Y quadricepsplasty early in the operation in 72 knees to avoid the potential for patellar tendon avulsion, to facilitate the exposure, and to improve the range of flexion. All these patients had a significant extension lag. Although post-operative immobilisation was not prolonged in this series, extended rehabilitation lasting 6 to 24 months was required to overcome the quadriceps weakness. Therefore, we strongly advise against quadriceps tendon lengthening.
Most of the current TKR systems rely on a condylar bearing surface and need functional collateral ligaments and sometimes the posterior cruciate ligament for stability. These structures have usually been compromised in ankylosed knees, making minimally constrained TKR difficult or impossible because of instability. We have previously reported that in patients with ankylosis of the knee the supporting soft-tissue sleeve allows the use of a minimallyconstrained prosthesis. In the current series, using a condylar constrained knee or posterior-stabilised implants, the stability was excellent. These prostheses have an intercondylar eminence on the tibial side that articulates with housing on the femoral side to apply an anteroposterior constraint. The intercondylar eminence is high enough to provide varus and valgus constraint when enough soft-tissue sleeve is present to provide tension and lend some soft-tissue stability.
Increased movement has been reported but not to the levels expected after a routine TKR. 4, 6, 8, [13] [14] [15] [16] [17] [18] In these reports the mean range of movement was between 62° and 87° and the mean extension lag between 7° and 13°. In the current series, the mean flexion was 79° and the mean extension lag was 15°. Although the range of movement obtained in this series is disappointing, the arc of movement improved from 0° to 64°w hich resulted in marked improvement in the functional capabilities of these patients. Therefore, even though 64° of movement conventionally would be considered a poor outcome, it produced an enormous improvement in the quality of life of these individuals. Pre-operatively, 17 patients could not walk to the bathroom or leave their home unless in a wheelchair, but all of these patients were able to walk outside their homes after the operation.
Several authors have reported good radiographic results. 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] We have previously reported that 83% (55 of 66) of knees had no radiolucency at the bone-cement interface and two of 66 knees (3%) were revised because of early infection. 13, 14 However, Naranja et al 5 reported a revision rate of 35% (13 of 37 knees) 5 and McAuley et al 4 had a revision rate of 19% (5 of 27 knees). In the current series the revision rate was 4% (4 of 99 knees).
The overall reported rate of complications was 29% (113 of 384 knees). 4, 6, 8, [12] [13] [14] [15] [16] [18] [19] [20] We also had a high complication rate (25%, 25 of 99 knees). Patients need to be counselled pre-operatively regarding the possibility of a poor outcome compared with that of a standard TKR, the need for prolonged physiotherapy, and high complication rate.
The relatively high rate of necrosis of the skin edges (17% of 99 knees) indicates a need for special care in the handling of skin flaps. These 17 patients had skin that adhered to the bone before the operation. The incidence of skin necrosis was also high (48%) in our previous study. 18 The use of flaps or skin grafts at the time of the operation, or as a separate procedure pre-operatively, should be considered.
Although the constrained condylar total knee prosthesis was developed to allow load sharing between the implant and the deficient soft-tissue attachment, some authors have suggested caution in its use because of the additional stresses imparted to the cement-bone interface. 21, 22 However, good medium-term results have been reported. 23, 24 In this series we paid particular attention to soft-tissue bal- ance. More importantly, the use of modular posterior and distal femoral augments allows nearly anatomical positioning of the articulating surfaces while maintaining intimate bone-implant contact to allow rotational control. We believe that the Legacy condylar constrained knee or Legacy posterior-stabilised prosthesis will maintain their longevity. In conclusion these patients were pleased to have a mobile instead of a fused knee. The ability to walk and sit in a normal position was important to their sense of well being.
